Collinear cluster tri-partition (CCT) channel in 252 Cf (sf) was studied using COMETA apparatus. The setup consists of a double arm time of flight heavy ion spectrometer with two mosaic "stop" detectors. Also included in the setup is a neutron registration channel based on 3 He filled counters. Specific CCT mode manifesting itself as a rectangular structure in the mass-mass plot of detected fragments was revealed both by neutron gating and direct detection of all three decay partners. Presumable scenario which stands behind the mode observed is discussed.
Introduction
In our previous experiments [1] [2] [3] we have observed multiple manifestations of new ternary decay of low and middle excited heavy nuclei called "collinear cluster tripartition" (CCT) due to the features of the process observed. The unusual decay channel was revealed both in the frame of the "missing mass" method 1,2 and directly i.e. when all three decay partners were detected. 4 In order to increase reliability of the selection of CCT events an extra identification parameter based on their experimental neutron multiplicity was added.
Experiment and Results
The experiment was performed at the Flerov Laboratory of the Joint Institute for Nuclear Research using COMETA (Correlation Mosaic E-T Array) setup. The setup is double arm time-of-flight spectrometer consisting of a micro-channel plate (MCP) based "start" detector with the 252 Cf source inside, two mosaics of eight PIN diodes each and a "neutron belt" comprising 28 3 He filled neutron counters. Due to the physics of registration of neutrons in such detectors they are free from neutron cross-talks. The geometry of the belt provides preferential detection of the neutrons emitted isotropically.
Modeling of the neutron belt performed previously using MCNP code gave p n = 5.23% (neutrons registration efficiency) which is in good agreement with the obtained experimental value (4.5±0.1)%. At the same time the registration efficiency for the neutrons emitted isotropically 12%.
The time-of-flight vs. energy (TOF-E) calibration and the calculation of the M T E masses presented in 5 were used. Fission fragments (FF) mass-mass distribution for the events where three neutrons (n = 3) were detected is shown in Fig. 1a . The regular sequence of points marked by the arrow) below the loci of conventional binary fission is of great interest and the mass-mass distribution for these events only is presented in Fig. 2b . The rectangular structure bounded by the magic nuclei is seen in the upper part of the figure.
Only binary FF coincidences with neutrons can be observed ( Fig. 1 ) in our experiment due to relatively low detection efficiency for neutrons. At the same time COMETA spectrometer allows direct detection of all three partners of ternary decay. For the sake of convenience the FF from these events are labeled below as M 1 , M 2 and M 3 in order of decreasing their masses. The M 1 -M 2 correlation plot is presented in Fig. 2a . Velocities and energies of the corresponding lightest fragments do not exceed 0.55 cm/ns and 2 MeV respectively.
Discussion
Given the limited space to discuss all the peculiarities of the distribution in Fig. 2a we focus our attention to the rectangular structure in the center of the plot bounded Fig. 1b . A plausible scenario explaining this structure is presented in Fig. 2b . For instance, the upper left vertex of the rectangle corresponds to the ternary pre-scission configuration 108 Mo-16 C-128 Sn (Fig. 2b) . The formation of the upper side of the rectangle M 2 = const = 108 amu is due to fragmentation of the 16 C into two parts 3 and 4. Part 3 which becomes an independent fragment 3 succeeds Mo cluster (and is detected as a third partner of the ternary decay) while part 4 joins Sn cluster.
A question arises concerning the shape of the middle constituent of the prescission three-body configuration. In answering such a question the following circumstances should be taken into account. Relatively low velocity of the lightest detected fragment confirms the hypothesis that it locates between two heavy fragments as it is shown in Fig. 2b . Refocusing our attention back to Fig. 1a we know that without neutron gating the structure marked by the arrow is not seen in the background of scattered fragments of conventional binary fission. This structure manifests itself exclusively thanks to the difference in the features of binary fission and CCT as neutron sources. These two decay modes must differ by neutron multiplicity or angular distribution of emitted neutrons in order to provide higher registration efficiency for neutrons linked with the CCT channel. At the same time excitation energy of the system at the scission point E ex = Q -TKE (where Q is the reaction energy, TKE -is the total kinetic energy of all the decay fragments) known from our experiment does not exceed 30 MeV. This excitation energy is enough for emission of three or four neutrons -which almost corresponds to the mean neutron multiplicity of binary fission. Thus the neutron source linked with the CCT channel (events shown in Fig. 1b ) must move less fast as compared with conventional binary fragments or to be at rest in the extreme case. Bearing in mind that the rectangle in Fig. 1b is seen as a whole while the mass M 3 of the middle fragment decreases in moving from the left vertex of the rectangle to the right one the middle constituent as a whole i.e. before its fragmentation into parts 3 and 4 ( Fig. 2b) (being almost at rest) emits likely all the neutrons "allowed" by E ex available. One more argument in favor of this conclusion is that two other heavy decay partners being magic nuclei can not be essentially excited. Possible shapes of the middle fragment corresponding to such scenario are shown in the bottom of Fig.  2b . Circle-like configuration consisting of alpha-particles and neutrons in between is among them. Order-of-magnitude estimate of excitation energy of such state of 16 C nucleus can be borrowed from ref.
6 where threshold energy for the formation of fully clusterised chain-like configuration of this nucleus is valued at 25.87 MeV i.e. close to our experimental value of E ex .
Thus we came to a conclusion that the middle constituent of the three-body prescission configuration of the decaying system should be highly excited (due to deformation or clusterisation or heating at the previous stage of evolution) and manifests itself as at least an isotropic neutron source.
Conclusions
(1) By the direct detection of three fragments we confirmed the existence of the collinear cluster tri-partition (CCT) channel in the 252 CF (sf). (2) The middle lightest fragment of the pre-scission three-body chain is highly excited. (3) It stays almost at rest after scission of the system.
